In this work we investigated whether brisk feet dorsiflexion execution/imagery and a cognitive task related to working memory and perception of human voice elicited statistically significant event-related desynchronization/synchronization (ERDS) patterns in an auditory scanning paradigm. Following the auditory presentation of the target letter, seven out of ten participants displayed a central beta re-bound after brisk feet motor execution, whereas five out of ten participants also displayed similar, albeit weaker, ERDS patterns after imagination of the same movement. Six out of ten participants displayed frontal theta ERS in the non-motor cognitive task.
Introduction
Auditory electroencephalogram (EEG)-based braincomputer interfaces (BCI) for spelling applications have mainly been pursued by means of event-related potentials [1, 2] . However, spelling has also been successfully demonstrated by means of an event-related desynchronization/synchronization (ERDS) based BCI in the visual modality [3] . Furthermore, it was shown that ERDS can be used for communication both in visual [4] and binary choice auditory scanning mode [5] . Surprisingly, no attempts have been made towards ERDS based BCI spelling in auditory modality. As a first step towards ERDS based BCI spelling in auditory modality, we investigated whether motor execution/imagery or a non-motor cognitive task could be detected in a multi-choice auditory scanning paradigm. To that end, we evaluated whether execution/imagery of brisk feet dorsiflexion [6, 7] and a cognitive task related to working memory [8, 9] , and perception of human voice [10] elicited statistically significant ERDS patterns.
Our aim was to evaluate, if a multi-choice auditory scanning paradigm will lead to similar findings as previously described visually cued paradigms -i.e. if motor execution (ME) and motor imagery (MI) will lead to central ERS in the beta band (15-40 Hz), and that the cognitive task will lead to frontal ERS in the gamma band (4-7 Hz).
Methods
Ten healthy people (5 male, 5 female, college aged) participated in this experiment. Participants gave informed consent prior to the beginning of the experiments and received monetary compensation afterwards.
The EEG was recorded with 29 active electrodes overlying the frontal, central, and parietal scalp areas. The electrooculogram (EOG) was recorded with three active electrodes, and the electromyogram (EMG) with four electrodes from both legs. The EEG amplifiers were set up with a bandpass filter between 0.5 and 100 Hz, and a notch filter at 50 Hz. The EEG and EOG were sampled at 512 Hz, the EMG at 2000 Hz. Spoken letters of the English alphabet, generated by a text-to-speech program, were presented sequentially (stimulus onset asynchrony 550 ms including 50 ms pause; 14.3 s for the whole alphabet) through a right headphone for one of several predefined words: "brain", "power", "husky" and "magic". Presenting acoustic cues through one ear only, keeps the other ear free for incoming communication from surroundings. For each target letter, the alphabet was presented two to four times. The participants performed one of the following three tasks in the copy spelling mode: (1) brisk feet motor execution/imagery triggered by the target letter (ME/MI); (2) discrimination of the target voice's gender and comparison to the following repetition (i.e. whether the target voice's gender has changed or it remained the same, reporting through single/double button press) as a cognitive task (COG); and (3) mental repetition of the target letter as a control condition. We balanced the order of motor and cognitive tasks, and voice of presentation. We randomized the order of words, and pseudorandomized the cognitive task and the control condition. Participants received no feedback.
Data analysis:
We analyzed the central beta rebound in the ME/MI task and frontal theta band oscillations in the cognitive task. To analyze the percentage of power decrease (ERD) or power increase (ERS) relative to a reference interval (0.5 s preceding the stimulus onset), a time-frequency map for frequency bands between 4 and 40 Hz (35 overlapping bands using a band width of 2 Hz) was calculated. Logarithmic band power features, calculated by band-pass filtering, squaring and subsequently averaging over the trials, were used to assess changes in the frequency domain. To determine the statistical significance of the ERD/ERS values a t-percentile bootstrap algorithm with a significance level of α=0.01 was applied. 
Results
Seven out of ten participants displayed central beta rebound following brisk feet motor execution, whereas five out of ten participants also displayed similar, albeit weaker, ERDS patterns following imagination of the same movement (see Table 1 ). Six out of ten participants displayed frontal theta ERS in the cognitive task. Fig. 2 and Fig. 3 show examples of central beta ERS following brisk feet motor execution and of frontal theta ERS following the non-motor cognitive task, in one participant. 
Discussion
The initial results indicate that task related ERDS changes in EEG could be exploited for auditory spelling. In future work we will investigate whether both ERDS and eventrelated potentials as combination can be used to determine which letter the participant was focusing on.
